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Background:  The current study evaluated whether the level of preoperative anxiety assessed by the state-trait 
anxiety inventory (STAI) affects cardiovascular response during anesthetic induction.  Furthermore, we evaluated the 
utility of the preoperative anxiety scale as a predictive factor for hemodynamic changes.
Methods:  One hundred twenty patients who were scheduled to undergo elective surgery under general anesthesia 
were enrolled in this prospective study.  The patients were asked to fill out STAI questionnaires the night before the 
day of surgery.  For 5 minutes after tracheal intubation, changes in vital signs were recorded.  The correlation between 
STAI scores and the percent changes in vital signs during the induction of anesthesia for each subgroup was assessed.   
In addition, the predictability of the 20% change in vital signs by STAI scores was analyzed using receiver operating 
characteristics curves.
Results:  The state anxiety scores of patients 45 years of age or older showed a significant correlation with percent 
changes in mean blood pressure and heart rate, whereas the state anxiety scores in other subgroups showed no 
significant correlation with changes in vital signs during the induction of anesthesia.  Furthermore, the state anxiety 
scores in patients 45 years of age or older were shown to be useful in predicting a 20% change in vital signs during 
anesthetic induction. 
Conclusions:  The state anxiety scores of patients 45 years of age or above could be a useful tool for predicting 
changes in vital signs during anesthetic induction. Thus, physician should be mindful of preoperative anxiety.  (Korean 
J Anesthesiol 2010; 58: 328-333)
Key Words:  Anesthesia, Anxiety, Hemodynamics, Intratracheal intubation, State trait anxiety inventory.
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Introduction
    It is common for patients to feel anxious before surgery. 
The frequency varies depending on the measuring method of 
anxiety. Recently, Boker et al. [1] reported that 60% of patients 
who present for elective surgery are known to experience 
anxiety. Preoperative anxiety not only requires larger amounts of 
anesthetics [2,3] but also increases the patient’s catecholamine 
secretion, and catecholamine causes tachycardia, hypertension, 
and arrhythmia [4,5]. Moreover, preoperative anxiety affects the 
level of recovery and posto  perative pain [6]. The prevalence of 
preoperative anxiety depends on the patient group. According 
to studies, a high prevalence is found in females, relatively 
young patients, patients who ask many questions about the 
surgery, and patients without prior surgery experience. Gender 
and age especially have a correlation with preoperative anxiety 
[3,7-9]. Most anesthesiologists have negative experiences with 
preoperative anxiety affecting patients; therefore, to reduce 
preoperative anxiety, anesthesiologists make preoperative 
visits, administer preoperative sedatives, and use many other 
methods. Even though the negative effects of preoperative 
anxiety are widely known, no studies even to the present 
day have been conducted on the correlation of the level of 
preoperative anxiety and hemodynamic changes during 
anesthetic induction.
    There are many reported ways to measure a patient’s anxiety 
level. Spielberger's state-trait anxiety inventory (STAI) is one of 
the most commonly used anxiety tests among the subjective 
self-measuring tests. At first, it was developed as a tool for 
measuring the anxiety level in mean healthy people, but 
then the test was found to be useful in measuring anxiety in 
patient groups. Therefore, the STAI is now the standard tool 
for measuring preoperative anxiety [7]. The STAI measures 
anxiety with the state subscale and the trait subscale. The state 
subscale measures temporary anxiety. The value has variations 
for individuals for subjective feelings of tension, concern, 
and worries depending on the situation. The trait subscale 
is relatively stable in showing personal differences in how 
individuals differently experience anxiety [10]. 
    The authors used the STAI to evaluate the correlation between 
patients’ preoperative anxiety and their hemodynamics during 
anesthetic induction. As age and gender are known to affect 
anxiety, we also aimed at finding out how age and gender play 
a role in the correlation. In addition, we aimed at discovering 
whether the STAI can be used as an indicator to predict 
hemodynamic changes after anesthetic induction.
Materials and Methods
    This research received the approval of the clinical research 
ethics committee and then received the consent of the 
patient subject groups. The patient subjects included 120 
patients from age 18 to 65 who fell under ASA Class I & II 
and were due for elective surgery under general anesthesia. 
Patients were excluded from the study if they had a history 
of psychiatric illness, a frequent intake of sleeping pills or 
sedatives, a disease of the central nervous system, pregnancy, 
hypertension, chronic obstructive pulmonary disease, asthma, 
or other cardiopulmonary diseases, or if they were Mallampati 
classification III or above and predicted to have difficult 
tracheal intubation.
    The day before the surgery, the anesthesiologist visited 
patients around 9 p.m. to 10 p.m. to explain the purpose of the 
research study and get their consent. The patients were made 
to fill out the STAI themselves. No patients were administered 
preoperative drugs. On the day of the surgery, an ECG, a 
noninvasive automatic hemodynamometer, and a peripheral 
oximeter (IntelliVue MP40, Philips, Eindhoven, Netherlands) 
were attached to the patient. Blood pressure and heart rate 
were measured 3 times, and the means were used as the base 
blood pressure and the base heart rate. With 100% oxygen 5 
L/min, the patient was made to breathe deeply 5 times. After 
preoxygenation, anesthesia was induced. Thiopental sodium 5 
mg/kg was intravenously infused. When the loss of the patient’s 
eyelid reflex was checked, rocuronium 0.6 mg/kg was injected 
intravenously. Manual ventilation was performed for 2 minutes. 
Then tracheal intubation was performed. When manual 
ventilation was initiated, the noninvasive hemodynamometer 
was put in stat mode and was continuously checked. The 
highest blood pressure and heart rate within 5 minutes after 
tracheal intubation were recorded and defined to be the 
patient’s highest blood pressure and highest heart rate. They 
were then compared to the base blood pressure and base 
heart rate. The amount of change was recorded in percentages. 
After measurements were taken for 5 minutes, sevoflurane 
2 vol% and remifentanil 0.25-0.5 μg/min/kg were used for 
anesthetic maintenance. Tracheal intubation was performed 
by an anesthesiologist with 2 years of experience. If tracheal 
intubation was not successful on the first attempt, the patient 
was excluded from the research study.
    For statistical analysis, MedCalc
Ⓡ 10.0 (Mariakerke, Belgium) 
was used. The results are shown in the mean ± standard 
deviation. The patient’s level of anxiety and the correlation to 
the changes in blood pressure and pulse rate was checked with 
linear regression analysis. The primary objective of the research 
study was the correlation analysis. In a preliminary experiment, 
the correlation factor was found to be 0.285. Assuming α = 0.05 
and β = 0.2, the minimum sample size was 94 patient subjects. 
The receiver operation characteristic (ROC) curve was used to 
evaluate if the patient’s anxiety scores found with the STAI could 330 www.ekja.org
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help in predicting 20% or more hemodynamic changes during 
anesthetic induction. P < 0.05 was considered statistically 
meaningful. In a preliminary experiment, the AUC was found 
to be 0.5. If 0.7 or more AUC had predictability of 20% or more 
hemodynamic changes, the minimum sample size was 78 
patients. We included 120 patients in our study to compensate 
for the expected exclusion of certain patients. 
Results
    Out of 120 patients, 9 patients were excluded because they 
needed 2 attempts at tracheal intubation or because they 
declined to participate in the study. Table 1 shows the patients’ 
age, gender ASA class, weight, height, and the name of their 
surgery for this study. Data on preoperative anxiety scores, 
length of surgery in hours, changes in percentages of pre/post 
tracheal intubation blood pressure, and pulse rate was analyzed 
by gender and by age. In the age subgroups, patients age 45 or 
older were grouped together, and patients below age 45 were 
grouped separately. There were significant differences between 
the age groups in state anxiety scores, blood pressure changes, 
and heart rate changes. However, no such differences were 
found between the genders (Table 2).
    When the data by total patient group was analyzed, the changes 
from the base blood pressure and base pulse rate measured 
in the calm state to the highest blood pressure and the highest 
pulse rate in 5 minutes were not correlated to the patients’ 
state anxiety scores and trait anxiety scores. When the data was 
sorted into the age subgroups 45 years of age or older or below 
45, the state anxiety scores of those who were 45 years of age 
or older and their changes in pulse rate showed a significant 
correlation (P = 0.047 by Pearson correlation). But when the 
data was sorted by gender, the anxiety scores of neither the 
males nor the females showed a correlation with the changes in 
blood pressure and pulse rate (Table 3).
    In the analysis to see if the state and trait anxiety subscale 
could predict a 20% or more change in blood pressure and pulse 
rate during anesthetic induction, the ROC analysis on the total 
patient group showed that state and trait anxiety scores were 
not appropriate predictors of hemodynamic changes related to 
Table 1. Demographic Data
Total
(N = 111)
Subgroups by sex Subgroups by age
Male Female < 45 yr ≥ 45 yr
Age (yr)
Sex
    Male
    Female
ASA physical status
    I
    II
Weight (kg)
Height (cm)
Operation
    Nasal septoplasty
    Plate removal
    Lumbar spine laminectomy
    Thyroidectomy
    Uterine myomectomy 
43.7 ± 13.7
52
59
69
42
62.9 ± 12.7
164.9 ± 8.5
39
35
16
13
  8
43.9 ± 15.6
52
30
22
69.9 ± 10.9
171.0 ± 7.4
19
24
  7
  2
  0
43.5 ± 11.9
59
39
20
56.7 ± 10.9
159.5 ± 5.1
20
11
  9
11
  8
31.7 ± 8.9
24
28
25
27
62.6 ± 12.9
167.3 ± 8.9
22
13
  8
  7
  2
53.9 ± 7.3
28
31
29
32
63.2 ± 12.7
162.9 ± 7.7
17
22
  8
  6
   6
Values are mean ± SD or number of patients.
Table 2. Spielberger's State-trait Anxiety Inventory and Hemodynamic Changes
Total
(N = 111)
Subgroups by sex Subgroups by age
Male Female P value < 45 yr ≥ 45 yr P value
State anxiety
Trait anxiety
% MBP
% HR
43.8 ± 10.8
42.7 ± 9.6
20.9 ± 18.4
50.4 ± 25.3
42.1 ± 10.3
42.0 ± 9.9
19.3 ± 17.8
50.2 ± 25.2
45.3 ± 11.1
43.4 ± 9.3
22.4 ± 18.9
50.6 ± 25.5
0.115
0.466
0.368
0.946
42.7 ± 11.1
42.2 ± 9.8
16.8 ± 17.2
54.7 ± 24.1
47.0 ± 11.7
42.2 ± 9.4
24.5 ± 18.8
45.4 ± 22.9
  0.046*
0.994
  0.027*
  0.043*
Values are mean ± SD or number of patients. % MBP is [(maximum mean arterial pressure in 5 min / average mean arterial pressure before in-
duction) - 1] × 100 (%). % HR is [(maximum heart rate in 5 min / average heart rate before induction) - 1] × 100 (%). *P value < 0.05.331 www.ekja.org
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anesthetic induction. This was the same for the gender-based 
analysis between the STAI scores and hemodynamic changes 
during anesthetic induction.
    However, in the age-based analysis, the state anxiety scores 
of patients who were 45 years of age or older showed not only a 
close correlation with the change in heart rate (Table 3) but also 
that the scores could be used to predict a 20% or more change 
in blood pressure during anesthetic induction (AUC = 0.729, P 
= 0.024) and 20% or more change in heart rate (AUC = 0.767, P = 
0.049) (Table 4).
Discussion
    STAI scores usually range from 20 to 80. Anxiety is present 
when the score is above 50. In the current study, the mean state 
anxiety and trait anxiety scores were 43.8 and 42.7, respectively. 
Forty-eight patients scored 50 or more for state anxiety (48/111, 
43%), and 31 patients scored 50 or more for trait anxiety (31/111, 
28%). Because cancer patients, except thyroid cancer, were 
excluded from the study and the surgeries were relatively short 
and had low morbidity, the scores were slightly low. These 
Table 3. Correlation Coefficient between Spielberger's State-trait Anxiety Inventory Scale and Mean Blood Pressure/heart Rate during the In-
duction of Anesthesia
% MBP % HR
Correlation 
coefficient
95% confidence 
interval
P value
Correlation 
coefficient
95% confidence 
interval
P value
Total patients
Female
Male
Age ≥ 45
Age < 45
SA
TA
SA
TA
SA
TA
SA
TA
SA
TA
-0.022
0.476
0.024
0.017
-0.139
0.046
-0.257
-0.093
0.054
0.172
-0.247-0.203
-0.145-0.302
    0.338-0.381
-0.344-0.375
-0.413-0.156
-0.247-0.332
-0.586-0.144
-0.463-0.305
-0.227-0.327
-0.106-0.434
0.845
0.082
0.898
0.926
0.354
0.759
0.204
0.650
0.709
0.218
-0.033
0.045
-0.013
-0.111
0.009
0.169
-0.352
-0.050
0.133
0.088
-0.256-0.193
-0.182-0.267
-0.372-0.348
-0.453-0.259
-0.281-0.299
-0.126-0.438
-0.651-0.040
-0.429-0.343
-0.150-0.397
-0.194-0.358
0.775
0.698
0.943
0.557
0.949
0.259
  0.047*
0.806
0.355
0.540
SA = state anxiety, TA = trait anxiety, SA and TA scales were acquired from state trait anxiety inventory. % MBP is [(maximum mean arterial 
pressure in 5 min / average mean arterial pressure before induction) - 1] × 100 (%). % HR is [(maximum heart rate in 5 min / average heart rate 
before induction) - 1] × 100 (%). *P value < 0.05.
Table 4. Analysis of Receiver Operating Characteristic (ROC) Curves and Determination of the Thresholds Spielberger's State-trait Anxiety In-
ventory Predicting the Occurrence of 20% Changes in mean Blood Pressure and Heart Rate during the Induction of Anesthesia
Area under the ROC curve 95% confidence interval P value Optimal cutoff
All patients
Female
Male
Age ≥ 45
Age < 45
% MBP
% HR
% MBP
% HR
% MBP
% HR
% MBP
% HR
% MBP
% HR
SA
TA
SA
TA
SA
TA
SA
TA
SA
TA
SA
TA
SA
TA
SA
TA
SA
TA
SA
TA
0.502
0.531
0.657
0.562
0.545
0.564
0.549
0.564
0.531
0.593
0.545
0.607
0.729
0.640
0.767
0.693
0.598
0.590
0.579
0.506
0.384-0.620
0.412-0.647
0.538-0.763
0.442-0.676
0.391-0.692
0.408-0.711
0.396-0.696
0.408-0.711
0.341-0.714
0.400-0.768
0.354-0.726
0.413-0.779
0.520-0.883
0.430-0.817
0.561-0.908
0.483-0.857
0.450-0.734
0.442-0.727
0.430-0.719
0.359-0.652
0.975
0.644
0.116
0.541
0.601
0.458
0.668
0.579
0.780
0.383
0.838
0.584
  0.024*
0.207
  0.049*
0.220
0.229
0.271
0.541
0.963
35
38
45
38
38
44
42
42
41
42
34
40
35
41
41
44
43
38
50
31
SA = state anxiety, TA = trait anxiety, % MBP is [(maximum mean arterial pressure in 5 min / average mean arterial pressure before induction) 
-1] × 100 (%). % HR is [(maximum heart rate in 5 min / average heart rate before induction) - 1] × 100 (%). *P value < 0.05.332 www.ekja.org
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scores were lower than what Boker et al. [1] reported but were 
not very different from what Kindler et al. [11] and Badner et 
al. [12] reported. Preoperative anxiety reportedly occurs 11% 
of the time at the minimum [13], or up to 80% of the time at the 
highest [14]. However, these reports had unclear anxiety scales 
and uncontrolled preoperative measures and other factors. 
Therefore, the frequency in the current experiment was closer 
to the frequency found in controlled studies.
    According to Sun et al. [9], patient groups of 40 years of age 
and younger have increased prevalence of anxiety compared 
to other groups. The current study used the age 45 as the 
divider for the 2 age groups. A significant difference between 
the 2 groups was in their state anxiety scores. Unlike Sun et al.’s 
report, in this study, the older group had higher state anxiety 
scores. This difference may be due to the fact that the report by 
Sun et al. used a visual analog scale to measure the preoperative 
anxiety and may have defined anxiety more broadly. The 
current study used the STAI to distinguish state anxiety from trait 
anxiety and measured them separately, and this study aimed at 
seeing what affects a specific event, such as surgery, has on state 
anxiety. According to Spielberger et al., a specific event such as 
surgery has a close correlation with state anxiety [15]. Although 
the current study used age 45 as the dividing age for the 2 age 
groups, Sun et al. qualified the younger group as 20 to 39. These 
differences in how the groups were defined may have played a 
part in the difference observed in the analysis results.
    In the older age group, the increase in mean arterial pressure 
was greater. In the lower age group, the increase in pulse rate 
was greater. This may be because the older the patient is, the 
more of a varying effect the increase in catecholamine has 
on the cardiopulmonary system. Catecholamine increase in 
heart rate occurs more commonly in younger age groups. But 
in older groups, the rise in catecholamine increases mean 
arterial pressure even more noticeably [16,17]. However, the 
hemo  dynamic response was not proportional to the increase 
in the patient’s age. The hemodynamic change due to tracheal 
intubation is greatest if the patient’s age is between 40 and 
50, according to Ismail et al. [18], or 35 to 50, according to 
Bullington et al. [19]. We chose age 45 as the dividing mark for 
the 2 ages groups after carefully reviewing Sun et al.’s report on 
anxiety and Ismail et al. and Bullington et al.’s reports on hemo-
dynamic responses. At age 45 or above, the change in heart rate 
and the state anxiety was statistically significant. This means that 
an event like surgery can show that state anxiety, unlike trait 
anxiety, has a strong correlation with hemodynamic changes. 
    In the older age group, the analysis on whether state anxiety 
can predict hemodynamic changes during anesthetic induction 
showed that state anxiety proved to be valuable in predicting 
the change in mean arterial pressure and heart rate. This 
proves that patients with high preoperative state anxiety have 
high occurrences of hemodynamic changes during anesthetic 
induction. In a clinical practice, older patients with high state 
anxiety scores may experience great hemodynamic changes, 
so it is important to prepare for this. In older patients, the mean 
arterial pressure change does not show a correlation with state 
anxiety but appeared to be a significant predictor. This may be 
due to the method of statistical analysis.
    In many other reports, females have been shown to have 
higher preoperative anxiety. In the current study, females had a 
higher mean STAI score than the males; however, no statistical 
significance was observed (mean state anxiety score; male = 
42.1 < female = 45.3, mean trait anxiety score; male = 42.0 < 
female = 43.4). In addition, there was no difference between the 
genders in terms of hemodynamic change. This may be because 
there was no difference between the genders in the levels of 
anxiety. Or it may be because the difference in hemodynamic 
changes following anesthetic induction may not be related to 
gender. This requires further research. 
    To measure the patient’s preoperative anxiety, the authors 
visited patients around 9-10 p.m. the night before their surgery 
and gave them questionnaires to fill out. The STAI has 40 
questions, which takes too much time just before entering the 
operation room. Thus, conducting the STAI before entering 
the operation room was difficult. Lichtor et al. [20] stated that a 
patient’s anxiety level in the afternoon of the day before surgery 
was not different from the anxiety level of the patient before 
entering the operation room on the day of surgery. They stated 
that the anxiety level in the afternoon the day before surgery 
can predict the anxiety level of the day of surgery. Therefore, 
the measurements of anxiety levels in the current study may be 
seen as measurements right before surgery.
    Patients with Mallampati classification III, who were assumed 
to have difficult tracheal intubation, were excluded, and the 
intubations were performed by one doctor. But the physical 
force used for each patient may have been different. However, 
according to Suh et al. [21], the difference in the amount 
of force put on the soft tissue is irrelevant to the level of the 
circulatory system’s response after laryngoscope manipulation. 
The reflex is caused by more than the threshold amount of 
stimuli. Therefore, variances in the patients’ tracheal intubation 
environment causing misinterpretation of results do not have to 
be considered. 
    One of the limitations of the current study is that the change 
in blood pressure during tracheal intubation was not measured 
continuously. The stat mode was used, and blood pressure 
was not measured in real-time, so there was a time lapse when 
blood pressure was measured. However, tracheal intubation 
caused hemodynamic changes to occur within 10 seconds to 2 
minutes [22]. The exact highest blood pressure during tracheal 
intubation may not have been measured, but the current 333 www.ekja.org
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study measured the highest mean blood pressure within 1 
minute after tracheal intubation. Direct arterial blood pressure 
measurement may have been more accurate and could have 
shown real-time results. However, since most patients in the 
study were healthy and did not require invasive blood pressure 
monitors, we could not take invasive measurements. In 
addition, the other problem was that the current study could 
not eliminate other factors affecting preoperative anxiety 
besides age and gender. Moreover, information on patients 
with past surgical experience and the varying levels of curiosity 
of the patients who had many questions on the surgery were 
not included in the research study, which limited the analysis. 
However, the sample number of patient subjects was adequate, 
so the authors think that the effects of the limitations on the 
results were low.
    The current study illuminated the relationship between 
patients’ preoperative anxiety and hemodynamics in tracheal 
intubation, and found the utility of state anxiety as a predictor 
of hemodynamic responses. Past studies focused on anesthetic 
maintenance as the measuring point of hemodynamics. 
However, the current study was different in that it focused on 
the anesthetic induction period when there is greater variance 
in hemodynamics. In addition, the current study found that, 
in predicting hemodynamic responses, state anxiety was more 
useful than trait anxiety. 
    In conclusion, the state anxiety of patients 45 years old and 
older was found to have a strong connection with the hemo-
dynamic change during anesthetic induction and discovered 
to be an important predictor. Therefore, preoperative anxiety, 
especially the patient’s state anxiety, should be given more 
attention. Older patients with high preoperative anxiety can be 
predicted to have more exaggerated hemodynamic responses, 
so more proactive measures in reducing these patients’ 
preoperative anxiety should be taken. Attention should be given 
to hemodynamic responses during anesthetic induction to keep 
the patient safe from complications.
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